Endotoxic lipopolysaccharide (LPS) was obtained from phenol-water extraction of cell walls prepared from mass-cultivated Fusobacterium necrophorum. The LPS was relatively free of nucleic acids and low in protein, and constituted about 4% of the cell walls. Upon acid hydrolysis, some of the components detected were hexosamines (7.0%), neutral and reducing sugars (50.5%), heptose (6.4%), 2-keto-3-deoxyoctonate (0.8%), lipid A (21.0%), and phosphorus (1.7%). Under electron microscopy the LPS appeared mainly as ribbon-like trilaminar structures, and upon chemical treatment it displayed a behavior resembling that reported in certain enterobacterial LPS. The LPS was lethal to mice, 11-day-old chicken embryos, and rabbits. Endotoxicity in mice was enhanced at least 1,380-fold by the addition of 12.5 gg of actinomycin D. Induced tolerance to lethal effect of the endotoxin and rapidly acquired resistance to infection by F. necrophorum viable cells were also demonstrated in mice. The endotoxin produced both localized and generalized Shwartzman reactions as well as biphasic pyrogenic responses in rabbits. These results firmly establish the presence of a classical endotoxin in F. necrophorum, thus providing strong support to our recent suggestion that cell wall-associated components may contribute significantly to the pathogenicity of F. necrophorum.
Until recently, evidence for the presence of a toxic lipopolysaccharide (LPS) in Fusobacterium necrophorum cultures has been based primarily on the findings of Kirchheiner (9), who showed that trichloroacetic acid extracts from F. necrophorum cells were toxic to mice. About 3 years ago, Hofstad and Kristoffersen (7) described biochemically LPS preparations extracted with phenol-water from three strains of F. necrophorum. However, these preparations did not provoke a localized Shwartzman reaction consistently, leaving some doubt as to the relative endotoxicity of the preparations. More recently, Sonnenwirth et al. (20) 
MATERIALS AND METHODS
Culture. F. necrophorum (Sphaerophorus necrophorus) LA19 was isolated from a bovine liver abscess and was positively identified by procedures described in a previous study (5). The organism was cultivated in bulk with modified Casitone medium (4).
Preparation of cell walls. Cell walls were prepared as described elsewhere (submitted for publication). Saline-washed whole cells were adjusted to 15 mg (dry weight)/ml and disrupted in an MSE sonic vibrator (Measuring & Scientific Equipment Ltd., West Lake, Ohio) for 18 min at 4 C. The sonically treated material was centrifuged at 18,000 x g for 15 min, and the resultant sediment, the crude cell envelopes, was twice washed with 1 M NaCl and at least five times with distilled water. This series of washings was terminated only after samples of the cell walls, examined with an ultraviolet spectrophotometer, no longer showed a discrete absorbance peak at 260 nm. Uniformity of the cell walls was ascertained by electron microscopic examination of samples negatively stained with 1% phosphotungstic acid (PTA). filaments with an average diameter of 9.5 nm (Fig. 1) . At various places, shorter LPS segments (arrows) revealed a distinct trilaminar dense-light-dense appearance. These segments were narrow (5.0 nm) and appeared to be the thin edges of the twisted LPS ribbon which, for the most part, tended to lie on its widest surface (18) . A few disks ranging in diameter from 70 to 200 nm showed varying intensity of staining. Similar forms were observed from F. necrophorum N167 LPS with sizes ranging from 40 to 100 nm and were thought to be aggregated LPS ribbons (8). Thin sections of the LPS revealed the predominance of trilaminar rods (Fig. 2) . The addition of 2% sodium deoxycholate dissociated the LPS rods into subunits of short rods or vesicular structures (Fig. 3 ), but this effect was reversed upon removal of sodium deoxycholate by dialysis. Drastic agitation or brief sonic treatment of the LPS in water saturated with diethyl ether produced occasional splitting of the trilaminar LPS into monolaminar subunits similar to those obtained by Shands et al. (18) .
Chemical composition. Data presented in Table 1 Eleven-day-old chicken embryos proved to be highly susceptible to the effect of endotoxin and thus were used extensively to test endotoxin activity. The CELD5O for F. necrophorum LPS was 0.002 ,g (Table 2 ). Heated LPS (100 C, 1 h) showed somewhat reduced toxicity (CELD5O = 0.016 ,ug). Free lipid A was relatively aggregated and nontoxic; however, this effect was reversed when lipid A solubilized with bovine serum albumin (3) was used. The toxicity of the latter (CELD50 = 0.071 Mg), however, was still less (Table 3 ). There were no obvious signs of illness in mice injected with 12.5 Ag of antibiotic alone, but those receiving higher doses suffered up to 20% mortality. Notwithstanding the difference in the antibiotic lot and mouse strain used, the present results agree well with those of Wong et al. (24) , who observed 23% mortality among mice receiving 20 gg of actinomycin D alone.
Induced tolerance in mice to endotoxins and acquired resistance to infection. Mice inoculated with small doses of F. necrophorum endotoxin tolerated subsequent challenge (after 3 days) of a lethal dose of the endotoxin (Table  4) . Similarly treated mice also became resistant to a challenge of a 24-h viable culture of F. necrophorum (Table 5 ). In contrast, salineinjected mice succumbed to both harsh challenges. Rapidly acquired resistance in mice to infection was induced by injecting as little as FIG. 3 . LPS from F. necrophorum LA19 treated with 2%o sodium deoxycholate followed by alcohol extraction; LPS stained with uranyl acetate. x 127,720. (Fig. 4) . The fever curve indicates the difference in the average temperature of the endotoxin-injected rabbits over the salineinjected rabbits. Typical temperature peaks were observed at 1.25 and 3 h after inoculation. A higher body temperature was maintained for more than 6 h with endotoxin-injected animals compared to the saline-injected animals.
Production of localized and generalized Shwartzman reactions. Results of the localized Shwartzman reaction induced by F. necrophorum endotoxin are presented in Table  6 . All experimental animals reacted positively to the test. However, one rabbit older than 16 weeks did not show any response on one side to the initial injection of 5 and 10 Ag and challenged with 15 Ag of endotoxin. The overall result appears to be an improvement over that obtained by Hofstad and Kristoffersen (7), who used 6-month-old rabbits and did not obtain consistent dermal Shwartzman reaction with their F. necrophorum LPS. In the present experiment, we observed that 4-to 12-week-old 24 h later later suffered endotoxic shock and died 3 h after provocation. No microscopic changes occurred in the organs of saline-injected control animals. By contrast, livers of rabbits which received LPS injections were swollen and dark red-brown with several gray foci of necrosis surrounded by hemorrhage. The kidneys were swollen and dark red; the lungs were dark red and contained many petechial hemorrhages, especially in the diaphragmatic lobes. The spleens were slightly enlarged.
Microscopic examination revealed extensive intravascular coagulation with fibrin thrombi in capillaries of the renal glomeruli, in the central veins of the liver, and in the sinuses of the spleen. In the kidney, the fibrin occurred as fibrillar dark pink material in the capillaries of the glomeruli (Fig. 6) . Extensive areas of necrosis of tubules were observed in the cortex. Thrombi in the liver were attached to the endothelium of hepatic veins and were partially covered by endothelial cells (Fig. 7) . Many of the thrombi in these organs contained a few necrotic cells and heterophils. 
DISCUSSION

